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ABSTRACT Ecologicsd sysiems and S orpasisms which compriss them heve evolved with
mredd ore i penduct of vadms nresss, perurbations, and distorkemce regimes.
Howeser, in human-slieneed syseme, sew disiebances sad sirecses sy be
istraduced and Bhe frequency, iatensity and spatial evient of natural desesr-
bances altersd. Mutural snd anfuopogenic desiuchances imvarlebly eo-ocous, w
it bezomes diffical 1o ascertin which may be e proximaie case of soosys-
s change. Iy i likely thas their eifects are compounded by synergistic inter-
actions. In poms cascs, InBeopegenic disurhemes may aller the susceptibidivy
af rganisma, pogulatao snd commuiitics o natel disssrbantes. 1n other
cages, anfhiopogenic activitecs may intiale posiiive leedbacics thal produce
rapid, umexpected changet in coosysiem structure asd mciion. Thess changes
may be ssbslized by now ecosysiem proceses, making tem mreveridile aver
timee frames releveat 10 managemend.

Am undersinnding of stress and disterbssce will help resourco masagers (o
(1) mitigale ethropoginic disturbances which mighs thresten sustairability
i leadd b wnciesirable and poiestially imevocabrle changes n scofysiom peoc-
Ethes and (2] increnae chances for seccess i rehabilitling or restoring de-
Eraded ecogymess. Hers, we eeview s rade of siress and dismurbance in
regaluting the siructure and function of rengeland ecopystems, and present
cancepbunl modsls of ccotyatam change which resull from alteratioes of dis-
tarbance regames. W'e then discuss raes and dynasics of chaige and presemt
geampled which illustrags how sritoopogenic slBerbion of famnry Sipurhance
regimes can ahier ecosystem stibidity and prodace emiltiple stable Raes We
conclude with & briell discusaion of land degradutson from eoodogscal v, socio-
BEGhOMIC pespectivis
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L INTRODUCTION

Degradation and desertification processes are Cypically associated with
arid and semi-arid regions. However, thia represents o rather narmow wiew



moves grass biomass sboveground and curmails oot proshinet -
ground, I maintained ot high intensity for sufficiently long |:I|:-|i|:. m
Ear :I-r.id to 8 Joss of plant cover, shifts in specics COMEPOSIERM, erokion of
volutilization losses of soil nutrients, and the elimination of natural distur-
bramies w;h as fire. A disturhance regime is the sum of tvpes, frequencies
and witensaties of disturhance through time in the larwdscape. Frequent, small-
scale disturbances, such us those resulting from patch grazing, wallowing,
and urine amd dung deposition by herbivores contribute 10 the development
of fine-gramed mosaics across landscapes which may experience infrequent
fire and mre, but recurring. drought which affect the sntire landscape and
walershed Interpreting ecosystem strocture and function is thas contimgent
upn uniderstanding the interactive role of concurrent, miultiple-scale distur-
hances (Collins and Harber, 1985; Loucks et al, 1985, Chapin et al, 1987
Collins, 1987}, : I
Disturbances are generally perceived as negative, because they are ac-
mmp?mt.d by elements of damage. However, a disturbance af one level of
orgamization does. wid necessarily induce change if it is ‘ahsorbed ot higleer
bevels of ecological organization, Disturbance con therefore be viewed ns
part of the internal workings of an coosystem rmther thon o ERDECDS
evenls (see Ludwig and Tongway, this volume) Indecd. some level of dis-
turbance may he necessary for maintenance of ecosvsten properties. Sa-
LR lei:a:_am, for examiple, are ofien stuble d:sphl.: cofEssting of numer-
mﬂﬁr&s i varsous stales of transition berween grass and tree doeminance
¥ prawang, browsing and fire ([Bubli -
sl g (Dublin o al, 1990: Scholes and
Perturbations can be viewed as the response of ecological eomponent
or system in disturhance, as indicated by deviations relative to o specified
referencn :_nmli:inu {Rykiel, 1985). Perturbations ure trasistent i the s¥EIEm
retumns. o 18 onginal steady state or permanent if they lead to a deviation
which becomes fixed and produces a steady state different from the oniginal
_ Shrovees are specilic factors that adversely affect the physiobogy or fime-
Lion n_[ organisms and ecosystems. Factors which abier resource avarlability
o 'I-lhll.'-!l push resource modulators such as temperature o extremes induce
Stress. Slresses which result from disturbance or weatlser may be chropig
(redatively continuous, but ut low levels) or scute {having a rapid onset and
followed by a short, but severe effect) and may either impair function o
cause mortality. Stresses do ol bypically oceur in isolation {Chapin et al.,

1987),
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i DISTURBANCE, CLIMATE AND STRESS
INTERACTIONS

Dvisturbances wre superimposed on a background of topoedaphic hetero-
geneity and climaic varembility. As a resul, plant specres whose adaplations
1o the prevailing clhimate and soils would make them the competitive domi-
nants of the commumity under one disturhance regime, may ssume subordi-
nate reles or even face local extinction when distrbance regimes change.
Desurbances such ms firg, ooding, and pathogen cutbreaks may be directly
or indirectly relsisd o climate (eg., Swetnam and Betancourt, 1990}

Iy many instances it is diffcult o determine the extent 1o which climate
change and disturbance are responsible for driving ecosystem changes (Her-
bel ot al., 1972; Chew, 1982, McNavghion, 1983, Branson, 1985, Foran,
1986; Verstraete, 1986). The difficulty in making this distinction s, in part,
due 1o the foct that shifis in vepetation may lag well behind the climatic
changes that drive them, For example, it has been hypothesized that the des.
ert grassland vegetation of the Chibuahuan Desent recorded by senlers of
Morth America in the late | B00s, established under and adapted to 300 years
of cooler, mowier climates of the "Ltk lee Age’ and is only marginally
supporied under the present chimare (Meiison, 1986), IF this hypathesis is
correct, climate-deiven ‘desestification” of these grasslands and their re-
placement by desert serub may have been in progress af the bme of Anglo-
Evropean seftiement, and migmented, but not cansed, by anthropogenic 'al-
teration of grazing and fire regimes,

Dristurbance and climate can interact 1o offset or remforce ecosystem
change, Disturbance effects may be minimal when climatic conditions ane
favirable or magnified when climatic conditions are extreme. Anthropogenic
sclivities may remnforce or accelerate changes tnggered by natural events.
For exnmiple, grassland refrogression associpted with lvestock grazing may
he mitigated in years of normal o sahove-normal rainfall and magmified dur-
mg yewrs of below-noemsl precipitstion (Herbel ef al, 1972 Clarkson and

Lee, 1988; O'Connar, 1993, Orr et al, 1993, ('Connor, [1994). The en-
ermachment of unpalatable trees and shrubs info grazed subiropical grass-
lands and savannas illustrates the potentinl for interaction between climate
and grazing disturbance (Fig 23 In this case, woody plant cover decrensed
slightly between 1541 and 1964, apparently the result of o major drought
during the 1950, In the subsequent pluvial period, woody plant cover -
creased 2- po defold, Changes in ecosystem structure have therefore besn
punctuaied amd abrupt rather than gradual and continuous. Drought may
have predisposed the system 1o rapsd rates of woody plamt mvasion 0 the
post-drought peried. However, these sites had also been heavily grazed by
cuttle since the mid-1800s, Cartle effectively disperse seeds of e dominans



n Change in rangeland ecosytems

woody plant and it is likely that their utilization of ErAsses anterasied
drought stresses on these plants. Continves) post-drougln grazing would dlso
have lamited the mass and comimity of fine fuels needed 16 carry fire. Live-
stock grazing could thus contribute significantly to woody plant expansion.
Would either drought or livestock grazing alone have been sulficient 1o pro-
duce this pattern and magnitade of change? It 15 fikely that these chonges
were the result of the combined effects of thess two distarbances scting to-
gether. Thus, certam changes m environmental conditions may be necessary,
but they are not sufficient by themseives 1o elicit a change m ccologscal ¥s-
terns,

Parcan Woody Cover
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Figure 7. Chamges im landscape cover al woody vepetaiion i i suilserepecal mvannma pork L
between 1921 and 1263 (Trom Archer o2 6l 19880 This sic has & heory of Beavy, eomtimis
oued grafing by cafile and expeienced o major drowgls during the 19505 It i Bkely
drought and prazing combencd to nffcct e dynwmsics of busl encrogchmess i & way tai
neliher faotor aperating independemly weosdd hawe. See abo Casz 1 n Fig, &

Disturbances serve o overcome vegetation mertia by bessening the domi-
nance of established plants and cresting opportunitics for new plants which
may be better adapied to the present climatic conditions. Feosystem simula-
tions indicate that clunate change alone may have @ minimal short-term in-
fluence on composition. For example, in simulations by Owverpeck et al,
{190}, the response of forest vegetation o climate chunge took >200-250
years to schieve equilibrium in the absence of disturbance, By contrast,
vegetation subjecied lo disturbance closely tracked the mitiation and timing

of climate change and produced a vegetation with novel and unique charne-
teristics.
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4. MULTIPLE STEADY STATES, TRANSITION
THRESHOLDS AND POSITIVE FEEDBACKS

Once ecosyatem change has occmmed, relaxation of stress and disturbance
or on improvement of environmental conditions will not necessarily enable a
syslem 1o return 1o s previous siate (c.f, Rapport and Whitford, 19995, A
teration of soil structure {Thurow, this velume), distribution and abundance
of water and nutrients (Ludwig and Tongway, this volume; Havstad et al
this volume; Tongway and Hindley, this volhmme), and plant composition
(Hobbie, 1992) may occur and re-direct ecological processes and stahilize
the sie in @ new steady-stae arrangement. This sugpests the existence of
critical transition (hresholds. Stochastic, climatic events may hasten distur-
bance-medted transitions (e.g.. O'Connor, 1993). Transtions may be fur-
ther accolerated if “keystone species” estblish and initiste positive feed-
backs to redirect soccession or change disturbance regimes (Archer el al,
1088 O Antonbs and Yitousek, P92

How far con ecological systems be pushed before crossing the line of
ccological function that scparates one steady-stsle from mother? Are con-
trasting ecosystem states endpoints of o comtimmem of eady, contimsos
change? Or, is a given ecological state relatively stable over a range of dis-
turhance regimes and environmental conditions, but then prome 10 mdical
change when these ranges aré exceeded? The Former implics gradual, incre-
metdal change:. the laer s highly discontinuous behavior. As suggested in
the following examples, both are lkely 1o ocour and their relitive iinpor-
tunete is oflen s maler of perspective (see alse Fig, 4 in Tongway and Hind-
ley, this volume). Detection and definftion of threshobds will depend on val-
ues sttuched to zsignal and noise in scologicnl processes, the spatial and rem-
poral frames of reference, the purpose behind studying ecosystem chonge,
mind thet indicstors wsed to quantify ceosystein condition and variaton

4.1 High latitude example

Desertification of leelandic rangetands has been exiensive and spectaci-
lar {A. Amalds, 1987, O, Amalds, this volume), The degrasation process
(Figs. 3 and 4} appears o begin when uaregulated livestock grzing shifis
vepetation from o continrous cover of palatable deckduous shrubs, prasses
and Torb (State 1) o less prodictive heathlond dommaied by anpaloiable
evergreen dwarf shrubs and forbs (State 1) { Aradottir et al., 1992). Reduoc-
tion of the plant bioniass thermal barner inikes soils more prone o froquent
small-scale disturbances associated with frost boils and frost heaving. This
hastens the formation of bare patches, which expose the frinble, thick (50—
200 cm} mantle of voleanis soil (State 1), The expased soil mangbe &5 then re-
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Chanpes appeat o be rather gradual and continums from Siste | to State
I1. Soil structure, fertility, plant cover and biotic processes which moduolate
climmte and nutrient fluxes are still in place. Thua, relaxation of grazing and
progressivie intervention may permit o return to State 1. The system ai State |
miy alsc be resistamt fo enviconmental stresses, soch as onuesually cold
growing seasons or tephra deposition associsted with volcanic activity,
However, in State I these same siresses may push the system past a thresh-
ald, propelling it to states of advanced degradation. For landscapes in State
11, relaxation of graring (ie., removal of disturbance) may be of litle con-
sequence, because geophysical processes (lros! heaving and erosion) alone
are driving the system. State V1 is highly stable and characierized by geo-
physecal forces and ecological processes very different from those in pre-
ceding states, Dnce i these degmded states, mamagement and restoration
optiens are expensive to implement and have a high probability of failare.

4.1 Semi-arid savanna example

In the leelandic example, interactions between livestock grazing und en-
wironmental events initute a chain of cvents leading to 2 10tal boss of vegeta-
tive cover and massive erosion, In cool and warm lemperste arid 2ones. re-
placement of grasses by unpalatable shrubs, also potentinlly initiated by
grazmg, may cause a redistibution of nutrents and an overall loss of pri-
mary and secomdary productivity (Kl et al,, 1998; Hovsiad ef al., this vol-
ume). These examples contrast starkly with land degrsdation in sub-humid
tropical and subtropical regions, as described in the ensuing paragraphs.
Even =0, conceprual models of vegetation change based on resilience amd
threskolds appear applicable

MNumerous quantilative assessments comoborate higorical observations
which indicate that many regions of North and South America, Africa and
Australia weno charmoterized by grasskands and savannas ai the time of An-
glo-European sefilement. Many swch areas are now woodlends or shrab-
lands. dominated by unpalatable trees and shrubs (reviewed by Archer, 1994,
1996). These changes in vegetation cover are widely regarded as degradation
from a sociveconomic perspective because they have reduced the petentinl
of the lnnd for Hvestock production,

In semi-arid and sub-humid grasslands and savannas, tall and mid-heighi
grasses are typically the competitive dominants ander Hght grazing; woody
plant density is low and grass competition and periodic fire suppress thei
recrustment. Shon-stwtuned grasses are more tolerant to defoliation than the
taller grasses or are less preferred. As a resobt, they incrense in abundance
with intensification of grazing {Archer and Smeins, 1991). Even so, ground
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cover remaings high, soiks and microclimae are relatively anaffected, and 1the
pmount and spatial distribution of fine fucls permils natural o prescribed fire
in many yeurs, With relasation of grazing, taller grasses regain dominance of
the site via regenertion from seed or vegetative propagules (Fig. 53

by drive Sywien 10 new sanligaration

Time g potiurs! anergry moieeanis sepiied

L
Tims
Firw tmgumncy
Tenfjls i - lew
_-—E‘E!.—."“—"" nigh & Nid
. B pdoahiibly amal rain of mocdy pleei sesthebmee

Figure ¥ Concepozsl madel of “thickepgminn® (Fig. 1) snd mransicioa threshoids im @ sem-
aritl, subriropical gvanna (from Acchar, 1980 The goal of reseanch should B o charscieroe
plang population or efaphic propertiss Bat may foeeckst inpending tanstiess. The goal of
managemend shousll bo 0 adpe lod use practsoes 1o overd crossing Somold leading to
endesimble =nd piierdially mreversible changes im vegetation or soils [See also Tongway and
Himalley, ihis vodwme; Ludwlp aead Tongway, this valome)

With contimued intensification of grazing, perennial shorn-grasses are re-
pleced with anmunls and wenkly perennial grasses of bow liter and nutrsent
aality. Bare ground mereases and promotes warmer, drier microclimates
and wind or water erosion (Thurow, this yoleme), Fire may be virtunlly
eliminated, & there & seldom sufficlent fine fuel for ignithon and spread
{Baisan and Swetnam, [990; Savage and Swetnam, 1990), Unpalatable M-
fixing or everpreen shrubs adspted to the harsher microclimaote and low -
trient envronmiends may now establish, As woody plant density increases,
herbaceous production declines further, thus mcreasing the graging pressuns
oft remaining herbaceous patches. By this time, & physiognomic o dommin
threshold has been crossed, whereby soils, seedbanks and vegetntive regen-
crtive potentials have been modified such that succession will miw progress
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toward shrubland or woodland even if grzing pressure is relaxed. The Y-
tem has therefore moved from a prassland domain 16 o shrublasd ar wood-
land domain. Drought, aatural disturbance, or anthropogenic manipulation
(chemical/mechanical brush management praciices) may open up woody
plant cancpies and enble grass production fo increase emporarily, How-
ever, woody plunts quickly regain dominance of the site via seed or vegeta-
trve propagation (Scifres et al, 1983; Fulbright and Bessom, 1987 Whitford
et al., 1995). At thes point, bush clearing may be neither sconomically feasi-
ble nor ecologically sound.

Deatn from savannas of the Edwards Plateau of central Texas, USA uppear
o exemplify this grassland-1o-woodland transition. This region has been
heavily and continuousty grazed by fivestock since the med- 18005, In 1948 5
leng-term stocking rale manipulution experiment was initited 1o quantify
grazing impacts. On sites where grazing was relaned and excluded, cover of
unpalatable evergreen shiubs increased 2- 1o 4-fold by 1983 (Smeins and
Merrill, 1988} Such data suggest that by the time progressive livestock
management prictices were implemented in 1948, these systems were al
ready in the woody plant ‘domain of attmaction,” Ax » result, relaxntion of
grazing had limke beaning on the system’s inextin towards woady plant domi-
nution,

. CONCEPTUAL MODELS OF ECOSYSTEM
CHANCGE

Traditiomal “retrogression sequence’ models have dealt with single tran-
siticns Involving responses 1o particalar disturbance regimes (e.g . Diykster-
buiis, 1949; Bosch and Booysen, 1992). These models have been continuaity
refined to del with inadequacics in the successional theory on which they
were originally bnsed (Connell and Slatyer, 1977; Archer, 1989 Luken,
199 Friedel, 1991, Laycock, 1991; Joyce, 1993). Another approach has
bieen to consider the responses of ecosystems 1o different sets of stress and
disturbance regimes and the alernate ecosystem states that resull from these
ransitions (George et al, 1992; Jones, 1992; Mikon and Hoffman, 1994),
These 'stale and transition” (S&T) models have also been uscful for under-
standing the dynamics of vegetation mosaics in highly stochastic environ.
ments {Westoby et al. 198%; Hobbs, 1994; Hoffman, this volume).

State and transition models have gained wide support, but also have
lamitations {Watson cf al., 1996). The definitions of states are tvpically de-
seriptive “black boxes' and our understnding of the factors conferring s
bility wethin & state or of factors triggering transitions hetween staies Is lim-
ied. Similarly, the mtes and dynomics a1 which & system moves from one
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#ate to another are seldom known, Here, we elaborate a conceptunl frame-
work for exploring the dynamics of transitons between stides (e, the ‘ars
rows ' i S&T dingrams),

Laong-term, sustained stresses such as grazing can sct as directidnal fore-
ings for gradeal, incremendal stae transitions. However, episodic (rane, bui
requrring) perturbations in stochastic environments can produce rapid transi-
tions with unpredectable outcomes. Although dogma from dryland svsiems
has emphasized ‘event-diiven” change, gradual, contimuous chonges may
also be of comparable importance (Watson et al, 1997ab). Both episodic
and continuous changes are therefore of potential consequence. When
sinesses exceed the buffering capacity of the svelem, there will be 5 net im-
balance between degenerative and regenerative processes (diseguilibrium)
leadang 1o & deviation from the initial ecosystem state. These stresses may be
haturnl or anthropogenic, The synergistic intemctions of excess stresses and
intrinsic disturbance regimes can be conceptunlized & o *pienp and valve'
system. Periodic environmental stress and disturbance act as a pump for eco.
system change. Unbalanced siresses then act as “valves' that may favor de-
pencrative changes over processes of régencration. The greaier the stress, the
greater the potentia Tor mgnd, docontmoous change triggered by stochastic,
ahiotic Forces (e.g., Lockwosd and Lockwaood, 1997,

There are severnl mechanisms by which chronic and eprsodic siress and
disturharice may interact to cause degradation (Fig, ). These are mnked in
order of increating severity for degeneralive ccosysiem change (or, con-
versely, incressing desirnbility for processes of restoration and ‘positive’
ecosystem change) and increasmg pofential 1o couse o fransthion Borass &
threshold between ccosysicm simies:

= Steady-stute Muciuations (no cxcess siress): In o “healthy ™ ecosvstem,
which is nol expenencing excess additional stresses, negsiive leedbacks
maintxin a stesdy state ak environmental conditions {e.g.. reinfall var-
ability} oscillate around & long-term menn. Periurbations are fully baff-
cred by biotic recovery processes. Fluctoations v ecosystem condition
ooy, but there is no net deviation fram the steady state over the kong-
term, The ecosystem can be considered 1o be in dyramic equilibrium with
I8 associied distichance regime (8 & spatistemporl scale hal encom-
passes Nuctoations snd patch dysamics),

= Degradation | (suppressed regeneration); The effects of additional
stresses (such as increased prazing pressure) may not be evident during
unfavorable periods. Instead, they may act by hmiting the potential for
recovery during the regenerative phase of ecosystem fuctuations. Eco-
system strsctare may be relatively ivtsct, but rates of fapctionnl processes
miay be slowed.: For example, s soil propenses ( Thurow, this volume},
seed production, vegetative regeneration or the seed bank are impacted,
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system resilience 15 diminished, Full recovery, thersfore, becomes in-
creasingly unlikely, even with removal or alleviation of stresses. Some
miodels of succession make allowance for the effiecis of dsturbance it
suppresang sucoessional ‘repair” processes (Schlatterer, 1989 Luken,
1990} This form of degradation s comman where rangelands are bring
managed “on the edge” of sustainability, with the goal of I I
utilization and off-take. These levels of utilization may appear to he sus-
tamnble ender “average' climate conditions or during long nuns of favor-
able vears, but pradually deplete the reserve resources required to recover
froan perods of wnfavorable conditions.

Degradation 11 (accentuated degeneration), In this scenarin, the added
stresses act 10 directly advance degenerative processes, The stresses ex-
aggerate the impacts of adverse environmental conditions (e.g.. droughi)
10 the extent that the perturbations cannot be fully counteracted by proc-
esses of regeneration in the ensuing favorable period. This is the most ba-
sic concept of degradation, where the synergistic offects of natural and
anthiopogenic stresses overwhel the ecosysiem’s buffering capacity,
Dregradation 111 {degenerative “recovery”): [n some coses, effects of the
modified stress and desturbance regime may only be expressed during fa-
vorable periods. For example, disturhance may enable establishment of
undezirable species whise recruitment s subsequently promoted during
favorable periods. Or, preferential wiilization of plants by livestock may
reduce seed production or vegetative regeneration of desirable species,
while enhancing that of unpalatable spocies (Milion, 1992; Siokes, | 994)
Favorable periods of vegetation regencration would then be biased to re-
cruitment of the unpatatable species (see also Fig. 7). Undesimble states
this develop and are reinforced, becoming increasingly favored over time
a5 a positive feedback develops. In the worst cases, positive feedbacks
would be established in which the delayed response would continue long
afier the inducing stresses had been alleviated. This would indicate the
crossing of a physisgnomic or domain threshold with potentially irre-
versible changes to the ecosystem (Fig. 5). Establishment of species that
change the disturbance regime can also initiate these undesimble positive
feedbacks. Exotic grasses, for example, can increase Tine fuel loads and
hence the probability of fire. Favorable environmental periods enhance
their establishment and biomass accumulation, thus increasing fire fre-
quency and intensity to further promote their spread into new halsitazs

{12 Antonio and Vitousek, 1992), Positive fredbacks dominated by abi-
otic processes (e.g., leelandic example, Figs. 3 and 4) are potentiafly
more devastating than positive feedbacks dominated by biotic processes
(e.2., “thickettzation® of savannas; Figs. 2, S and 7). Biotic positive feed-
backs may lead 10 & change in ecosystem compesation and Fasction,
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wherens abiotic positive feedbacks dre often accompanied by nudation
and loss of bagic ecosystem functions (&g, nurient eyveling)

Exosystam Stutus

Figure 6 Conveplual modd of copsystem degmdation m congunction with ¢iimatc and envi-
innmenial Miclusion. Dak anmees desote degenamive shanges ihal uoair daring sireisiul
enwirmmnental persods (solid segmenss of n-anisl clear srmows denoie regenersiive changes
eccuriing during Brosalile environmestal percds (chear sopeents on x-axis]. Haies aind dy-
ramucs af dircctional change | retrogresssm, degredation) are infloersond by diimatic varighil-
Hy pid ey Be Coiasd by dsmpeming 'lflrI-'l:lﬂlil'l'ltl':lI R e [ [}, seceamestion of sircm
levels (T 1) anad regomeration al i bissed towanly recruitment of undesimahle spocies
during favorable periods (Cass 111}
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Frgwer 7 Concepiual medel of coosysmom chanpes sseciod with ‘hickefionion” of § sask-
i, sutaopical siviente perkland. Degradstion ssocised with grazing-induced herbacemus
retrngressiong beads 1o the exnblishment of produgtive, but onjebashls woady planis (Figs 2
and 4] The produtiviee, biodiversty, planksuil notries capital in the wosdlusds which osb-
seijisenily develups may el of exeeod thet af the onginst coomvstem Eeolugical degradation
ey therefore be transienl. The woodlsnd [mcscopes. are l:--p-il.aj':r reguided &= “degraced”
from @ sabotconomic perspective, Because their cipacity for caiile production, e hisfesen]
iic of these fands, has diminisbed. {See ulsd Tongway st Hindiey, thes volume]

. ANTICIPATING CHANGE

State: and transifion models lave provided & wseful framework for high-
I:llgl'rllng critical events that creste munagement hazards {unfavorable transi-
tums) and opportunities for imervention {(conditions for favorable transi-
tions) (Westohy et al., 198%) We now need a better quantiiative and
mechamistic understanding of why these transitions occur and how biotic and
abiotic factors mteract to promote or discourage them. From an npplied per.
spective, we need 10 clarify how management actions before, during and af-
ter entical events might alter transition probabifities, A betrer umdrstunding
of transition mechanisms will also help identify and clarify key monitaring
variables. lmponant changes that affect sysiem response o perturhation
evenis may go undetected unless variables with appropriate sensitivity are
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monitored {Stokes, |94, This, there s an important nesd 1o develop sensi-
tive indicators that can give advance wamings, so that ecosyslem manaje-
ment can be adjusted to minimize the likelihood of undesirable transitions or
10 promote desirable transitions.

T DEGRADATION: ECOLOGICAL OR
SOCIOECONOMIC?

Degradation associated with “desertification” in arid environments (eg,
Schiesinger et al., 199, Rapport and Whitford, 1999; Havstad e al, 1999)
of “deforestation” in humid environments (Figs. 3 and 4} are a sharp contras
io ithat associnted with the “thicketization” of prasslands and sovennas in
more mesic envuopments. The former have negative consequences hoth
ceologically and socioeconomically, Thicketization may have sdverse socio-
ccongamic implications, as it reduces the capacity of mngelands for subsis-
tence or commercisl livestock production. However, it does mot necessanly
represent a degraded systemn with respect to ecologcal charackeristics such
s biodivessity, productivity, or plant/soil iutnent capital.

The canceptual model in Fig. 7 indicates that a degradation phase may be
followed by a reconstroction phase winch begins when unpalatable woody
plants establish, grow, modify microclimate and ennch soil nutrieats. Dy
pamic simulotione in sublropical savannn parklands m southen Texas sup-
port this conceptual model and ndicate that degradation of grassland oc-
curred subsequent to intensification of livesiock grazming in the mid-1800s.
This was manifested a5 & significant decline in primary productivity and
plant/sonl carbon and nitrogen pools. However, with selective grazing and
the elimination of fire, nitrogen-fixing woody plants invaded, amelorated
microclimatic conditions, enniched soil nutrient pools and facilitabed the es-
tablishment of o diverse assemblage of berbaceous dicots and shrubs
(Archer, 1995%, Present-doy londscapes are a nch mosak of productive
woodlands  and  iree-shrub  patches interspersed  with  remnant  grass-
dominated patches. It is estimated that carrent plant and soil € and N mass s
substantially greater than that which oceurred under 'pristing’ conditions
{Hibbard, 19453, In addition, these lindscapes are highly resilient fallowing
severe disturbance {Flinn et al., 1992; sew also Whitford et al, 1995) and are
regarded as excellent habitat for numerous wildlife species. both game and
non-game. Sa, in this case, the system which has developed following an
initinl degradation phasg s now coologically productive and diverse. It
would seem that it is ‘degraded” only with respoct to its socioeconomic vakse
for caktle grazing. However, it has other potential sociceconomic values that
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necessitate o change from traditional uses. These include alternase classes of
livestock (2@, goats), lease hunting and ecotourism.

B CONCLUSIONS AND MANAGEMENT
IMPLICATIONS

Early successional models of rangeland degradation probably encourged
overly optimistic atlitudes 1owards rangeland management, especially with
respect 10 the patential for rangelands 1o recover from excessive atilization,
However, for the past decade, there has been growing scceptance that an-
thropogenic disturbances often produce aliered vegetation stades that are sta-
ble encugh 1o make the changes practically irreversible (Matural Resources
Council, 1994; Rapport and Whitford, |999). Widespeead observations indi-
cate that ance critical disturbance thresholds are crossed, degradation of the
structure and function of rangelands will not necessasily be halted or re-
versed simply by desreasing or removing anthropogenic stresses. In TAnEE-
lands i.vhm: Ii\::ﬂmk production is secioeconomically important and where
oxcessive grazing has occurred, recovery lollowing destocking of even re-
maoval of livesiock may be minimal, In some cases, it will not even mrress
degradation if positive fuedbacks have been 54 in motion.

Despite the broad recognition that discontinuoss chadige 15 o comman
feature of many rangelands, little progress has been made towards quantify-
ing transition thresholds for management spplications. Management should
fa) su:l; o minimize displacement over eritical degradation thresholds: iby
recognize that infrequent, extreme enviroamental events (g, drought) may
push systems past critical thresholds and {c) explicitly identify PIOCESS Chrke
strauds to recovery following relaxation or removal of stress. A mafr chal-
lm_gt now facing rangeland ecologists is in identify and characteniee eco-
logical processes, plant-soil biota popelstion parameters and soil physi-
:all:f'fzhunr:ul properties that may provide managers advance warning that
eritical transition threshold is being approsched. Armed with such informa-
litl!:l. management could then be adjisted to svert undesimble trassitions o
0 rrphm: strafegic sctions to promote dessrble transitions. Criteria for clas-
5I|.=_I.':!|.I'II I:mhr:_:p:s with regard to their transition probability would help pri-
oritize allocation of scarce management resources. Same lands meay e pasi
pomt of mo return; others may be slated to minimiee further depradation: sl
others may be candidates for investing rescurces o remove consiraints i
recavery and promote restonition. Reversal of wansitions may ofien reguire
mctive intervention by Innd managers. In aress expericncing ‘desertification’
!r-dmmul agronomic approdches o ecosvetem restoration sre Imanagoment
miensive, costly and seldom successful. Current ecological appronches ad-
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vocate selective intervention on strategic landscape clements 1o concentrate
scarce resources (waker, nutrients, propapules) and establish species capable
of initiating autogenic seccession and driving progressive rehabilitation
{(Whisenand et ab, 1995, Havstad of al., this volume; Ludwig and Tongway,
this volume; Thurow, this voluome},
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